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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 


Identification  No: 
Name  of  Dam: 

Town : 

County  and  State: 
Stream : 

Date  of  Inspection: 


VT00076 

Knapp  Brook  Site  No.  1 
Cavendish 

Windsor  County,  Vermont 
Knapp  Brook 

April  23,  1979  and  May  22,  1979 


BRIEF  ASSESSMENT 


The  Knapp  Brook  Site  No.  1  dam  is  an  earth  embankment  dam  with 
clay  core.  The  dam  is  approximately  400  feet  lo  .g  and  21  feet  high. 

The  dam  and  pond  are  currently  utilized  as  a  State  of  Vermont  Fish 
and  Game  Pond.  A  concrete  drop  structure  containing  a  4-foot  concrete 
discharge  pipe  is  the  primary  control  of  flow  at  the  dam.  This  struc¬ 
ture  is  supplemented  by  an  emergency  spillway  cut  out  of  the  left 
abutment.  The  drainage  area  for  the  dam  is  3.2  square  miles,  of  which 
2.9  square  miles  is  controlled  by  another  dam,  Knapp  Brook  Site  No.  2, 
1400  feet  upstream.  Under  normal  flow  conditions,  the  impoundment 
behind  Knapp  Brook  Site  No.  1  is  166  acre-feet  with  a  surface  area  of 
26  acres. 

The  dam  is  classified  as  small  and  has  a  significant  hazard  poten¬ 
tial.  Based  on  size  and  hazard  classifications,  a  1/2  Probable  Maximum 
Flood  (1/2  PMF)  of  4,600  CFS  was  used  as  the  test  flood  inflow.  The 
routed  test  flood  outflow  was  4,570  CFS.  The  total  spillway  and  drop 
structure  capacity  is  2,550  CFS  which  is  56  percent  of  the  routed  test 
flood  outflow.  The  test  flood  would  overtop  the  dam  by  1.1  feet. 

The  dam  is  judged  to  be  in  good  condition.  The  following  signifi¬ 
cant  findings  were  determined  during  the  investigation: 

1.  The  emergency  spillway  is  overgrown  with  brush  and  does  not 
have  adequate  capacity  to  carry  the  test  flood. 

2.  A  wet  area  was  found  near  the  left  abutment  of  the  dam.  No 
water  was  seen  flowing,  but  the  area  was  soggy  and  had  developed 
some  minor  sloughing. 

3.  The  dam,  as  constructed,  appears  to  be  inconsistent  with  the 
plans  for  elevation  and  emergency  spillway  detail. 

4.  The  earth  embankment  dam  has  a  nonuniform  crest  elevation. 

The  center  of  the  earth  embankment  is  1.5  feet  lower  than  the 
abutments . 


The  present  dam  is  in  good  condition  and  it  is  recommended  that 
the  following  actions  be  instituted  under  the  guidance  of  a  registered 
professional  engineer  qualified  in  dam  design  within  two  years  of  the 
receipt  of  this  report: 

1.  Institute  a  biennial  program  of  technical  inspections  to 
include  monitoring  of  the  wet  areas  near  the  left  abutment 
for  flow  volume  and  evidences  of  soil  transport. 

2.  Remov-  brush  and  beaver  dams  from  the  emergency  spillway. 

3.  Assess  the  need  for  greater  spillway  capacity. 

4.  Level  the  top  of  the  dan  from  abutment  to  abutment. 

5.  Inspect  the  inlet  structure  for  evidence  of  cracking  and 
spall ing. 

6.  Prepare  as-built  plans  to  reflect  elevations  and  distances 
as  they  exist. 

7.  Round-the-clock  monitoring  should  be  provided  during  periods 
of  unusually  heavy  rain. 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  1  Inves¬ 
tigations.  Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose 
of  a  Phase  I  Investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment 
of  the  general  condition  of  the  dam  is  based  upon  available  data 
and  visual  inspections.  Detailed  investigation,  and  analyses  in¬ 
volving  topographic  mapping,  subsurface  investigations,  testing  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase 
I  Investigation;  however,  the  investigation  is  intended  to  identify 
any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and 
is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition 
of  the  dam  at  some  point  in  the  future.  Only  through  continued  care 
and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydro- 
logic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  Spillway  Test  Flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  Because  of  the  magnitude  and  rarity 
of  such  a  storm  event,  a  finding  that  a  spillway  will  not  pass  the 
test  flood  should  not  be  interpreted  as  necessarily  posing  a  highly 
inadequate  condition.  The  test  flood  provides  a  measure  of  relative 
spillway  capacity  and  serves  as  an  aid  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  dovmstream  damage  potential. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  Data 

There  is  no  known  hydraulic  or  hydrologic  design  data  for  the 
Knapp  Brook  Site  No.  1  Dam. 


Experience  Data 


During  interviews  with  Fish  and  Game  personnel  it  was  reported 
that  in  the  history  of  the  dam  it  has  never  been  overtopped. 
The  maximum  water  surface  was  during  the  1973  Flood  when  the 
water  got  2.0+  feet  deep  at  the  concrete  cut-off  wall  in  the 
emergency  spillway  (elevation  94.6)  or  1.2  feet  below  the  top 
of  the  dam. 


c.  Visual  Observations 


The  primary  discharge  structure  is  the  12-foot  by  6.5  foot 
drop  structure  (see  Photo  5).  This  structure  functions  as  a 
weir  for  the  first  2  feet  of  head.  For  higher  heads  it  is 
controlled  by  orifice  flow  by  the  4-foot  concrete  discharge 
pipe.  At  the  present  time  the  north  side  of  the  structure  is 
equipped  with  stop  logs  which  run  to  full  height  of  the  con¬ 
crete  structure.  The  relative  location  of  this  structure,  15 
feet  from  the  dam,  and  its  primary  use  as  a  spillway  could 
cause  debris  to  collect  around  the  iron  pipe  railing.  This 
could  lead  to  possible  reduction  in  discharge. 


Test  Flood  Analysis 


The  dam  is  classified  as  small  size  with  a  significant  hazard 
potential  due  to  four  homes  downstream.  Therefore,  the  te->t 
flood  selected  was  one-half  of  the  Probable  Maximum  Flood. 

The  computations  of  the  test  flood  and  discharges  were  carried 
out  using  the  HEC-1  computer  program.  The  input  data  computa¬ 
tions  and  results  are  contained  in  Appendix  D  of  this  report. 
The  project  study  dam,  Knapp  Brook  Site  No.  1,  with  a  small 
pond  area  offers  insignificant  flood  regulation  for  the  3.17 
square  mile  drainage  area.  The  peak  discharge  was  only  ro!n. i 
from  4,600  CFS  to  4,570  CFS.  Since  the  total  spillway  . ■  n d 
drop  structure  discharge  of  2,550  CFS  is  56  percent  of  the 
routed  test  flood  outflow,  the  low  sections  of  the  dan  would 
be  overtopped  by  1.1  foot  producing  a  test  flood  elevation  of 
96.9. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4 . 1  Procedures* 

There  are  no  operational  procedures  as  the  stop  logs  are  left  in 
place  all 

4 . 2  Maintenance  of  Dam* 

The  exi sting  maintenance  of  the  da.'  consists  of  periodic  mowing 
of  grass  slopes  on  dam,  removal  of  obstructions  from  the  drop 
structures  and  yearly  cutting  of  brush  from  dam  embankment. 

4.3  Maintenance  v)f  Operating  Facilities 

The  step  logs  are  the  only  operating  facilities  and  they  appear 
to  be  in  a  well  maintained  condition.  They  are  normally  maintained 
at  an  elevation  at  the  top  of  the  inlet  structure. 

4 . 4  Description  of  Warnin  g  System  in  Effect 
None  exists  for  this  dam. 

4 . 5  Evaluation 

The  maintenance  of  the  dam  and  drop  structure  is  being  carried 
out  on  a  periodic  basis.  Overall,  the  dam  is  being  maintained 
in  a  good  condition.  The  only  recommendation  is  that  the  brush 
and  saplings  in  the  emergency  spillway  be  cut  and  removed.  Also, 
the  old  beaver  dams  should  be  removed. 


*Intervi ews  with  Fish  and  Game  personnel. 


outlet.  The  emergency  spillway  is  a  wide  channel  cut  into  the 
left  abutment.  There  are  saplings  and  brush  growing  on  the 
spillway  channel,  severely  restricting  its  ability  to  pass  water 
(see  Photos  9,  10  and  11). 


Reservoir  Area 

There  are  no  evidences  of  instability  along  the  edges  of  the 
reservoir  in  the  vicinity  of  the  dam. 

Downstream  Channel 


The  dove. stream  channel  for  the  outlet  of  the  drop  inlet  spillway 
is  the  natural  str canoed.  No  significant  obstruction  to  flow 
can  be  seen  (see  Photo  7). 


3 . 2  Evaluation 

The  dam  is  in  good  condition.  The  ability  of  the  emergency  spillway 
to  pass  water  is  restricted  by  heavy  growth  of  saplings  and  brush. 
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SECTION  3  -  VISUAL  INSPECTION 


3. 1  Findings 

a.  General 


At  the  time  of  inspection  on  April  23,  1979,  the  water  level 
was  t  :o  inches  over  the  concrete  weir  of  the  drop  inleL  spill¬ 
way.  During  the  April  inspection  there  was  snow  on  some  por¬ 
tions  of  the  downstream  slope.  The  downstream  slope  was  re- 
inspected  on  May  22,  1979  in  the  absence  of  snow  for  any 
evidence  of  seepage.  On  May  22,  the  water  level  in  the  reser¬ 
voir  was  about  2  inches  lower  than  the  concrete  weir  of  the 
drop  inlet:. 


b .  Dam 


The  upstream  slope  of  the  dam  is  riprap  protected  below  ele¬ 
vation  94  feet.  Above  this  elevation  the  slope  is  grass 
covered  with  some  minor  erosion  due  mainly  to  trespassing  (see 
Photo  3).  Some  of  the  riprap  could  be  observed  through  the 
water,  (see  Photo  4),  and  it  appears  in  good  condition  with 
some  siltation  cover. 


The  crest  of  the  dam  is  mostly  grass  covered  with  no  signs  of 
erosion.  The  crest  is  not  at  a  uniform  elevation  as  it  varies 
by  1.5  feet  from  the  abutments  to  the  center  of  the  dam. 

The  downstream  slope  was  grass  covered  with  only  minor  sloughing 
and  erosion  (see  Photo  8).  The  slope  and  the  toe  of  the  slope 
show  no  evidence  of  seeps  with  the  exception  of  an  area  next  to 
the  left  abutment.  There  is  a  wet  area  on  the  slope  about  2 
feet  above  the  toe  and  at  65  feet  from  the  abutment,  measured 
along  the  crest.  No  water  could  be  seen  flowing,  bnt  the  area 
is  soggy.  Minor  sloughing  has  occurred  above  this  area.  Be¬ 
tween  this  wet  area  and  the  abutment,  the  ground  was  soft  and 
wet  along  the  toe  of  the  slope.  Emanating  from  the  wet  area 
was  a  small  streambed  connecting  with  the  outlet  channel;  how¬ 
ever,  no  water  could  be  seen  moving,  but  it  is  apparently  main¬ 
tained  wet  by  the  seeps.  No  discharge  could  be  seen  at  the 
outlet  channel. 


c .  Appurtenant  S true ti i ros 


The  drop  inlet  spillway  appears 
ever,  it  could  not  be  inspected 
access  (see  Photos  2,  4  and  5). 
behind  the  ends  of  the  headwall 
may  have  washed  out  through  the 


to  be  in  good  condition;  how- 
close  ly  because  of  lack  of 
There  is  a  small  depression 
of  the  outlet  where  some  soil 
stone  protection  next  to  the 
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SECTION  2  -  ENGINEERING  DATA 


2. 1  Design 

The  plans  describing  the  design  of  this  earth  embankment  dam  with 
drop  structure  and  emergency  spillway  are  contained  in  Appendix  II 
of  this  report. 

2 . 2  Construe  ti  o n 

The  present  dam  is  a  400-foot  earth  embankment  dam  with  shallow 
clay  core  built  across  the  original  streambed  of  Knapp  Brook.  This 
dan  was  constructed  in  1058  on  the  existing,  old  ground.  A  concrete 
drop  structure  with  4-foot  concrete  pipe  is  used  as  the  principal, 
discharge  of  seasonal  rainfall  and  an  emergency  spillway  structure 
was  excavated  out  of  the  left  abutment.  The  flows  return  to  Knapp 
Brook  1400  feet  downstream. 

2 . 3  Operation 

The  flow  of  water  is  not  controlled  at  all,  according  to  Fish  and 
Game  personnel.  The  stop  logs  are  left  in  place  all  year.  The 
stop  logs  can  he  removed  by  the  means  of  a  portable  hoist  assembly. 

2 . 4  Evaluat i on 

a.  Availability 

The  design  plans  for  this  dam  are  on  file  with  the  Agency  of 
Environmental  Conservation,  Department  of  Water  Resources, 
Montpelier,  Vermont  05602. 

b.  Adequacy 

The  lack  of  in-depth  engineering  design  computations  does  not 
allow  for  a  definitive  review.  Therefore,  the  adequacy  of 
the  dam,  structurally  and  hydraulically,  cannot  be  assessed 
from  the  standpoint  of  review  of  design  calculations,  but  must 
be  based  primarily  on  the  visual  inspection,  past  performance 
history  and  sound  hydrologic  and  hydraulic  engineering  judgment 

c .  Validi ty 

The  142-foot  spillway  length  shown  on  the  available  plans  is 
inconsistent  with  field  observations.  In  addition  the  mean 
sea  level  elevations  on  the  plans  do  not  agree  with  the  topo¬ 
graphic  map  prepared  in  1972  or  to  the  relative  elevations 
used  in  the  construction  of  the  Knapp  No.  2  dam.  There  also 
is  a  discrepancy  in  the  elevation  difference  from  the  top  of 
the  drop  structure  to  the  top  of  the  dam. 


Trapezoidal  channel  with  concrete  cut-off  wall. 


( 2 )  Long th 

125-foot  crest  at  concrete  cut-off  wall. 

(3)  Elevation  of  Crest 

92.6  at  concrete  cut-off  wall. 

(4)  Gates 
None. 

(5)  Upstream  Channel 

125-foot  wide  excavated  earth  trapezoidal  channel  over¬ 
grown  with  brush.  Length  200+  feet. 

(6)  Downstream  Channel 

125-foot  wide  excavated  earth  trapezoidal  channel  over¬ 
grown  with  brush  and  restricted  by  beaver  dams.  The 
length  is  400  feet.  Downstream  50  feet  from  the  weir  is 
a  105-foot  wide  restricted  section. 

Regulating  Outlets 

The  12-foot  by  6.5-foot  concrete  drop  structure  is  equipped 
with  stop  logs  from  the  invert  of  the  48-inch  concrete  pipe  to 
the  top  of  the  drop  structure  spillway.  The  stop  logs  appear 
to  be  in  good  condition.  The  inspection  team  was  unable  to 
gain  access  to  the  structure  during  the  two  inspection  trips. 
Presently  the  stop  logs  are  installed  all  the  way  to  the  top 
of  the  drop  structure  and  according  to  Fish  and  Game  personnel 
this  is  the  standard  operating  procedure  for  the  entire  year. 


(3)  Spillway  Crest 
27  acres. 

(4)  Test  Flood  Pool 
31  acres. 

(5)  Top  of  Dam 
31  acres. 

g.  Dan 

(D  I>;ne 

Earth  embankment  with  a  shallow  clay  core  under  the  up 
stream  slope. 

(2)  Length 

400  feet  +. 

(3)  Height 
21  feet. 

(4)  Top  Width 
16  feet. 

(5)  Side  SJopes 

Downstream  slope  -  2:1.  Upstream  slope  -  3:1. 

(6)  Zoning 
None  known. 

(7)  Impervious  Core 

Shallow  clay  pad  under  the  upstream  slope. 

(8)  Cut-Off 

Clay  pad  extends  2  feet  into  the  foundation  soils. 

(9)  Grout  Curtain 
None  known. 

h .  Diversion  and  Regulating  Tunnel 
Not  applicable. 
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(8)  Top  of  Dam 

Varies.  95.8  at  centerline  of  outlet  pipe.  97.3  at 
abutments. 

( 9 )  T est  Flood  Surcharge 

96.9. 

Reservoir 

( 1 )  Length  of  Maxirnuin  Poo  1 
1700  feet. 

(2)  Length  of  Recreation  Pool 
1600  feet. 

( 3 )  Length  of  Flood  Control  Pool 
Not  applicable. 

Storage 

(1)  Recreation  Pool 
166  acre-feet. 

(2)  Flood  Control  Pool 
Not  applicable. 

(3)  Spillway  Crest  Pool 
192  acre-feet. 

(4)  Top  of  Dam 
292  acre-feet. 

Reservoir  Surface 

(1)  Recreation  Pool 
25.6  acres. 

(2)  Flood  Control  Pool 


Not  applicable. 


(6)  Gated  Spillway  Capacity  at  Normal  Pool  Elevation 


-  (7) 

Not  applicable. 

Gated  Spillway  Capacity  at  Test 

Flood 

Elevation 

m _ _• 

Not  applicable. 

wi 

:  (8) 

Total  Spillway  Capacity  at  Test 

Flood 

Elevation 

v.v  \  '-j 

3,450  CFS  at  elevation  96.8  -  no  brush. 

1,770  CFS  at  elevation  96.9  -  heavy  brush. 

( 9 )  To  ta 1  F roj  ec  t  Discharge  at  Test  FI ood  Elevation 

4,570  CFS  at  elevation  96.9. 

Elevation 

The  following  elevations  are  based  on  a  local  datum  which  is 
tied  into  Knapp  Brook  Site  No.  2  dam.  The  elevation  of  91.6 
at  the  top  of  the  concrete  weir  of  the  drop  structure  is  the 
datum  at  Knapp  Brook  Site  No.  1. 

(1)  Streambed  at  Outlet  of  Drop  Structure 


3. 

(2)  Maximum  Tailwater 


Could  not  be  determined. 

(3)  Upstream  Portal  Invert  Diversion  Tunnel 


Not  applicable. 

(4)  Recreation  Pool 

91.6  -  stop  logs  in  position. 

(5)  Full  Flood  Control  Pool 
Not  applicable. 

( 6 )  Spillway  Crest 

77.2  -  drop  structure,  stop  logs  removed. 

91.6  -  drop  structure,  stop  ] ogs  in  place 

92.6  -  emergency  spillway. 

( 7 )  Des i gn  Surcharge 


Not  applicable. 


ture  is  a  125-foot  wide  emergency  spillway,  trapezoidal 
channel,  which  is  one  foot  higher  than  the  drop  structure 
and  was  excavated  out  of  the  left  abutment.  The  spillway 
channel  has  been  overgrown  with  saplings  and  brush  which 
have  restricted  the  capacity  of  the  spillway. 

(2)  Max  imun  Known  FI  ood  at _ Dam  Site 

There  arc  no  gauging  stations  or  operating  records  for 
the  Knapp  Brook  dams,  but  according  to  Bob  Horton,  Fish 
and  Game  Maintenance  Supervisor,  the  maximum  known  flood 
at  the  Knapp  Brook  Site  No.  1  Dam  was  the  June-July  1973 
Flood  during  which  the  water  was  approximately  2  feet 
deep  at  the1  emergency  spillway.  Based  on  2  feet  of  water 
in  the  brush-overgrown  spillway  channel,  elevation  94.6, 
the  maximum  discharge  in  the  sp i 11 way  was  423+  CFS  and 
from  the  drop  structure  317  +  CFS,  for  a  total  of  740  CFS. 
During  this  event,  the  maximum  storage  was  250  acre-feet: 
and  the  dam  and  structures  weathered  the  flood  with  no 
damage. 

( 3 )  Spillway  Capacity 

Knapp  Brook  Site  No.  1  Dam  contains  two  discharge  struc¬ 
tures:  the  primary  spillway  (see  Figure  5)  which  is  a 

12-foot  long  by  6.5-foot  wide  concrete  drop  structure,  14 
feet  high  with  a  48-inch  concrete  discharge  pipe.  Accord¬ 
ing  to  Fish  and  Game  personnel,  the  stop  logs  which 
extend  from  the  invert  of  the  pipe  to  the  top  of  the  weir- 
are  left  alone,  but  can  be  removed  should  this  be  required 
Based  on  the  stop  logs  in  place,  the  primary  spillway 
functions  as  a  weir  until  the  maximum  height  of  1.9  feet 
(elevation  93.3),  after  which  the  spillway  is  controlled 
by  the  48-inch  concrete  pipe  orifice  flow.  With  the  stop 
logs  in  place,  and  water  surface  at  the  top  of  the  dam 
(elevation  95.8),  the  maximum  discharge  is  330  CFS.  The 
second  primary  structure  is  an  emergency  spillway  channel, 
one  foot  higher  than  the  crest  of  the  drop  structure, 
excavated  from  the  left  abutment  slope.  This  channel  is 
a  500+  foot  long  trapezoidal  channel  with  a  designed  con¬ 
crete  key  cut-off  wall  125  feet  long.  The  controlling 
element  at  present  is  the  restricted  channel  50  feet 
downstream  which  is  only  105  feet  wide  and  overgrown  with 
brush  which  reduces  the  discharge  capacity  greatly. 

( 4 )  Ungnted  Spillway  Capacity  at  Top  of  Dam 

2,220  CFS  at  elevation  95.8  -  no  brush. 

1,060  CFS  at  elevation  95.8  -  heavy  brush. 

(5)  Uneated  Spillway  Capacity  at  Test  Flood  Elevation 


3,450  GFS  at  elevation  96.8  -  no  brush. 
1,770  CFS  at  elevation  96.9  -  heavy  brush. 


g.  Purpose 

The  Knapp  Brook  Ponds  1  and  2  were  constructed  as  part  of  a 
fish  management  project  for  southern  Vermont  and  are  still 
being  used  for  this  purpose. 

h .  Design  and  Construction  History 

This  dam  was  designed  by  E.  W.  Culver  in  1956  and  built  by  the 
Fish  and  Game  Department  in  1958.  The  plans  for  the  dam  are 
on  file  with  the  State  of  Vermont  Agency  of  Environmental  Con¬ 
servation,  Department  of  Water  Resources,  Environmental  Engi¬ 
neering  Division,  Montpelier,  Vermont.  There  is  no  additional 
information  on  Knapp  Brook  Site  Mo.  1  design  and  construction 
history . 

i .  Normal  _Ojje rating  Procedures 

The  pond  is  used  for  fishing  and  as  a  fish  habitat  and  as  such 
the  water  surface  is  controlled  by  the  Fish  and  Game  Department. 
According  to  Bob  Horton,  Maintenance  Supervisor,  the  stop  logs 
in  the  drop  structure  are  left  in  place  all  year.  This  keeps 
the  water  elevation  at  the  top  of  the  drop  structure.  The 
emergency  spillway  which  is  one  foot  higher  than  the  top  of  the 
drop  structure  carries  the  spring  run-off.  Usually  the  flow 
is  less  than  0.3  feet  over  the  spillway  in  the  spring. 

1.3  Pertinent  Data 


a.  Drainage  Area 

The  present  drainage  area  to  Knapp  Brook  Site  No.  1  pond  is 
3.17  square  miles.  Located  at  the  northwest  corner  of  Knapp 
Brook  Site  No.  1  is  the  second  pond  called  Knapp  Brook  Site 
No.  2.  This  pond  controls  a  total  of  2.89  square  miles  and 
has  a  normal  water  surface  area  of  26  acres.  The  main  channel 
is  approximately  2.6  miles  long  to  Knapp  Site  No.  2  and  the 
average  slope  is  137  feet  per  mile.  The  watershed  is  approxi¬ 
mately  90  percent  wooded  on  steeply  sloping  terrain  with  the 
surrounding  hills  rising  600  feet  above  the  ponds. 

b .  Discharge  at  Dam  Site 


(1)  Outlet  Works 


The  outlet  works  at  Knapp  Brook  Site  No.  1  consist  of 
one  drop  structure  with  stop  logs  and  one  emergency  spill¬ 
way  at  the  left  abutment.  The  drop  structure  (see  Photo  5) 
is  a  concrete  structure  15  feet  high  with  a  total  opening 
of  12  feet  by  6.5  feet  and  a  48-inch  reinforced  concrete 
pipe  outlet.  Stop  logs  extend  from  the  top  of  the  north 
wall  to  the  invert  of  the  4-foot  pipe.  The  second  struc- 
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The  Knapp  Brook  Site  No.  1  Dam  is  approximately  400  feet  long 
and  21  feet  high.  Plans  of  the  dam  are  avai fable  and  the 
earth  embankment  dam  built  in  1958  reportedly  has  a  clay  core. 
The  water  level  is  controlled  by  a  12-foot  by  6.5  foot  concrete- 
drop  structure  which  regulates  the  reservoir  level  by  4.0-foot 
wide  stop  logs  which  are  14'-5"  high  and  a  125-foot  long 
trapezoidal  emergency  spillway.  Knapp  Brook  Site  No.  1  is 
known  locally  as  Lower  Knapp  Pond. 

Size  Classi  ficati ojn 

The  Knapp  Brook  Site  No.  1  Dam  is  approximately  21  feet  high 
with  a  maximum  storage  of  292  acre-feet.  The  United  States 
Corps  of  Engineers  (L'SCE)  guidelines  place  dams  with  a  height 
between  25  and  40  feet  or  storage  between  50  and  1000  acre-feet 
in  the  small  category.  Therefore  the  size  classification  of 
Knapp  Brook  Site  No.  1  is  small. 

Hazard  Classification 


If  the  Knapp  Brook  Site  No.  1  Dam  were  to  fail  with  the  water 
level  at  the  top  of  the  dam,  a  flood  wave  12  feet  high  and 
flowing  at  a  rate  of  13,000  CFS  would  be  released.  The  project 
discharge  with  water  at  the  top  of  the  dam  would  be  2,200  CFS. 
The  flood  stages  in  Knapp  Brook  would  increase  from  1  foot 
overbank  to  7  feet  overbank  at  13,000  CFS.  Knapp  Brook  has  a 
slope  varying  from  3.5  to  4.5  percent;  consequently  little 
storage  of  the  flood  wave  would  result  until  it  enters  the 
flood  plain  of  the  North  Branch  of  the  Black  River.  Along 
Knapp  Brook  the  flood  wave  would  damage  4  homes  and  1  commercial 
property.  The  hazard  classification  then  is  significant. 

Ownership 

The  present  owner  of  Knapp  Brook  Site  No.  1  is: 

State  of  Vermont 

Fish  and  Game  Department 

Montpelier,  Vermont  05602 

Telephone:  802-828-3371 


f .  Operator 


Mr.  Bob  Horton,  Maintenance  Supervisor 
Fish  and  Game  Department 
Chittenden,  Vermont  05737 

Telephone:  802-773-9507 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 
NAME  OF  DAM:  KNAPP  BROOK  NO.  1 


SECTION  1  -  PROJECT  INFORMATION 


1. 1  General 

a .  Authority 

Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary 
of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
National  Program  of  Dam  Inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers 
has  been  assigned  the  responsibility  of  supervising  the 
inspection  of  dams  within  the  New  England  Region.  Dufresne- 
Henry  Engineering  Corporation  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  State  of  Vermont.  Authorization  and  notice  to  proceed 
were  issued  to  Duf resne-Henry  Engineering  Corporation  under 
a  letter  of  November  20,  1978  from  Max  B.  Scheider,  Colonel, 
Corps  of  Engineers.  Contract  No.  DACW33-79-C-0010  has  been 
assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of  non- 
federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely 
manner  by  nonfederal  interests. 

(2)  Encourage  and  prepare  the  states  to  initiate  quickly 
effective  dam  safety  programs  for  nonfederal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory 
of  Dams. 

1. 2  Description  of  Project 
a.  Location 

The  Knapp  Brook  Site  No.  1  Dam  is  located  in  southeastern 
Vermont,  in  the  Town  of  Cavendish,  Windsor  County,  and  is  in 
the  Connecticut  River  Basin.  The  dam  is  located  5.0  miles 
north-northeast  of  the  Village  of  Canvendish.  Knapp  Brook 
Site  No.  1  is  1400  feet  downstream  of  Knapp  Brook  Site  No.  2. 
Knapp  Brook  Site  No.  1  is  on  Knapp  Brook  which  is  a  tributary 
to  the  North  Branch  of  the  Black  River  and  is  located  at 
N  43°  26.7'  latitude  and  W  72°  33.7'  longitude. 
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Dam  Failure  Analysis 


If  the  Knapp  Brook  Site  No.  1  Dam  were  to  fail,  a  wave  of  water 
would  be  released  into  the  lower  channel  of  Knapp  Brook.  By 
the  time  this  flood  wave  reached  Vermont  State  Highway  106,  2.4 
miles  downstream,  the  flood  wave  would  have  reached  the  ground 
floor  elevation  of  A  homes.  The  depth  of  the  flood  wave  will 
range  from  12  feet  at  the  dam  (7  feet  above  banks)  to  2  feet 
over  the  banks  at  Vermont  106.  The  dam  failure  discharge  of 
13,000  CFS  would  be  a  significant  increase  over  the  spillway 
capacity  of  2,550  rTS  with  flood  stages  increasing  by  about  6 
feet.  This  flood  wave  would  pass  at  stages  in  excess  of  1 1  feet 
through  a  narrow  section  on  the  North  Branch  of  the  Black  River 
and  then  would  spread  over  about  AGO  acres  oi  flood  plain  before 
it  reached  the  next  possible  impact  area. 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 


a.  Visual  Observations 


No  evidence  of  instability  was  observed. 


b.  Design  and  Construction  Data 


Three  drawings  of  the  dam  and  appurtenant  structures  were 
available  for  review.  The  dam  is  an  earth  dam  with  slopes  of 
3H  to  IV  and  a  shallow  clay  core  under  the  upstream  slope. 

The  drawings  indicate  that  the  core  penetrated  2  feet  into 
the  foundation  soils  and  the  top  of  the  core  was  5  feet  below 
the  crest  of  the  dam.  There  are  no  indications  of  other  pro¬ 
visions  to  prevent  flow  through  the  foundation  soils.  Some 
minor  seepage  was  observed  at  the  toe  of  the  dam  near  the 
left  abutment.  It  is  possible  that  at  water  levels  above  the 
level  of  the  top  of  the  clay  core,  some  seepage  may  take  place 
through  the  upper  part  of  the  dam.  There  were  no  visual  indi¬ 
cations  of  significant  safety  problems  due  to  the  seep  near 
the  left  abutment  or  to  possible  past  seepage  through  the  top 
part  of  the  dam. 

Operating  Records 


No  operating  records  are  available. 


d.  Post-Construction  Changes 


There  are  no  known  post-construction  changes. 


e.  Seismic  Stability 


The  dam  is  located  in  Seismic  Zone  2  and  in  accordance  with 
the  recommended  Phase  I  guidelines  does  not  warrant  seismic 
analysis. 


SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS/ 
REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a .  Condition 

Overall,  the  dam  is  judged  to  be  in  good  condition  on  the 
basis  of  the  visual  inspection.  However,  the  spillway  does 
not  have  adequate  capacity  to  pass  the  test  flood. 

b .  Adequacy  of  Information 

The  only  available  information  is  the  plans  which  appear  to  be 
inconsistent  with  the  visual  observations  and  thus  the  assess¬ 
ment  of  the  condition  of  the  dam  is  based  largely  on  the  visual 
inspection. 

c.  Urgency 

The  remedial  measures  recommended  in  Section  7.3  should  be 
carried  out  within  two  years  of  receipt  of  this  report  by  the 
Owner. 

d.  Need  for  Additional  Investigation 
There  is  no  need  for  additional  investigations. 

7.2  Recommendations 


It  is  recommended  that  a  registered  professional  engineer  experienced 
in  the  design  of  dams  be  engaged  to  assess  the  need  for  additional 
spillway  capacity.  The  crest  of  the  dam  embankment  should  be  graded 
to  a  uniform  elevation  from  right  abutment  to  left  abutment.  The 
drop  inlet  should  be  inspected  for  evidence  of  cracking  or  spalling 
and  as-built  plans  should  be  prepared  to  reflect  elevations  and 
distances  as  they  exist. 

7.3  Remedial  Measures 


a.  Operating  and  Maintenance  Procedures 

1.  A  biennial  program  of  technical  inspection  should  be 
instituted  including  monitoring  of  the  wet  areas  near 
the  left  abutment  for  flow  volume  and  evidences  of  soil 
transport . 


Bushes  and  saplings  should  be  removed  from  the  emergency 
spillway. 


VISUAL  INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 

PROJECT  KNAPP  BROOK  SITE  NO.  1 _  DATE  April  23,  1979  &  May  22,  1979 

TIME  9:30-11:00  AM  10:15-11:00 

AM 

WEATHER  Clear,  Cool  Clear,  windy 
W.S.  ELEV. _ U.S. _ DN.S. 

PARTY :  APRIL  23,  1979  MAY  22,  1979 


1. 

Walter  A.  Henry 

D-H 

1. 

Sherward  G.  Farnsworth 

D-H 

2. 

Morris  J.  Root 

D-H 

2. 

Gonzalo  Castro 

GEI 

3. 

Sherward  G.  Farnsworth 

D-H 

3. 

A. 

Gonzalo  Castro 

GET 

A 

• 

5. 

5 

• 

PROJECT  FEATURE 

INSPECTED  BY 

REMARKS 

1 


PERIODIC  INSPECTION’  CHECK  LIST 


PROJECT 


PROJECT  FEATURE 


DISCIPLINE 


AREA  EVALUATED 


DAM  EMBANKMENT  (EARTH) 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at  or 
Near  Toes 

Embankment  or  Downstream  Seepage 


Piping  or  Boils 

Foundation  Drainage  Features 

Vegetation 


Toe  Drains 

Instrumentation  System 


CONDITION 


92.6  (emergency  spillway). 


None  observed. 

Not  applicable. 

None  observed. 

None  observed. 

Too  irregular  to  judge. 
Too  irregular  to  judge. 
Good. 

Not  applicable. 


Minor,  on  upper  part  of  upstream  slope. 
None  observed. 


Riprap  in  good  condition. 


None  observed. 


A  wet  area  near  left  abutment.  No  flow 
could  be  observed. 

None  observed. 

None  observed. 

Grass  cover  on  crest  and  downstream  slop 
in  good  condition 

None  observed. 

None  observed. 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  KNAPP  BROOK  SITE  NO.  1 

PROJECT  FEATURE _ 

DISCIPLINE 


AREA  EVALUATED 


DIKE  EMBANKMENT 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at  or 
Near  Toes 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 
Vegetation 


DATE  April  23,  1979 

NAME _ 

NAME _ 

CONDITION 


PERIODIC  INSPECTION  CHECK  LIST 


AREA  EVALUATED 

OUTLET  WORKS  -  INTAKE  STRUCTURE 


a.  Approach  Channel 

Slope  Conditions 
Bottom  Conditions 
Rock  Slides  or  Falls 
Log  Boom 
Debris 

Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 

b.  Intake  Structure 

Condition  of  Concrete 
Stop  Logs  and  Slots 

Railing  Around  Structure 


•  ••••• 


CONDITION 


None  observed,  under  water,  unable  to 
get  out  to  drop  structure  and  check 
water  depth  and  inlet  elevation  of  stop 
logs. 


Concrete  drop  structure  j 

Good. 

Stop  logs  on  upstream  side  to  top  of  drop  i 
structure  (see  note  above,  a.).  It  appear^ 
that  stop  logs  go  down  from  top  of  struc¬ 
ture  at  least  10+  feet.  ■ 

One  inch  galvanized  pipe,  fair  condition.  I  c'-.-V 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  KNAPP  BROOK  SITE  NO.  1 

DATE  April 

PROJECT  FEATURE 

NAME 

DISCIPLINE 

NAME 

AREA  EVALUATED  CONDITION 


OUTLET  WORKS  -  CONTROL  TOWER  NONE. 

I 

a.  Concrete  and  Structural 
Ceneral  Condition 
Condition  of  Joints 
Spalling 

Visible  Reinforcing 

Rusting  or  Staining  of  Concrete 

Any  Seepage  or  Efflorescence 

Joint  Alignment 

Unusual  Seepage  or  Leaks  in 
Gate  Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 
Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  System 
Service  Gates 
Emergency  Gates 
Lightning  Protection  System 
Emergency  Power  System 
Wiring  and  Lighting  System 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  KNAPP  BROOK  SITE  NO.  1 _  DATE  April  23.  1979 

PROJECT  FEATURE _  NAME  _ 

DISCIPLINE  NAME  _ 


•  I  •  •  •  •  *  *  #  #  *  *  '—■ * 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  KNAPP  BROOK  SITE  NO.  I _  DATE  April  23,  1979 

PROJECT  FEATURE _  NAME  _ 

DISCIPLINE  NAME 


AREA  EVALUATED 

OUTLET  WORKS  -  OUTLET  STRUCTURE 
AND  OUTLET  CHANNEL  . 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  Holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 


•  ••••• 


CONDITION 


Good . 

None  observed. 

None  observed. 

Minor  erosion  of  stream  banks. 

None  observed  in  pipe  headwall. 

None  observed. 

Good. 

None  observed. 

Natural  stream  bed,  boulder  bottom. 
Some,  but  of  little  significance. 

Good. 


A- 7 


•  • 


•  •  • 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT 


DATE  April  23.  1979 


PROJECT  FEATURE 


DISCIPLINE 


AREA  EVALUATED 


OUTLET  WORKS  -  EMERGENCY  SPILLWAY  WEIR 


APPROACH  AND  DISCHARGE  CHANNELS 


a.  Approach  Channel 


General  Condition 


Overgrown  with  brush  and  1-inch  stock. 


Loose  Rock  Overhanging  Channel  J  None  observed. 
Trees  Overhanging  Channel 


Floor  of  Approach  Channel 


Overgrown  with  brush. 


b.  Weir 


General  Condition  of  Concrete 


Extends  above  channel  only  1  foot. 


Good. 


Rust  or  Staining 
Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 


Drain  Holes 


c.  Discharge  Channel 


General  Condition 


None  observed. 


None  observed. 


None  observed. 


None  observed. 


Not  applicable. 


Overgrown  with  brush  and  1-inch  stock. 


Loose  Rock  Overhanging  Channel  None  observed. 


Trees  Overhanging  Channel 


Floor  of  Channel 


Other  Obstructions 


None  observed. 


(Overgrown  with  brush. 


Restricted  channel  50  feet  downstream  of 
weir,  105  wide,  i.e.,  20  feet  narrower 
than  channel  entrance  and  1.5  feet  lower 
than  weir  crest. 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  KNAPP  BROOK  SITE  NO.  1 

DATE 

Ap 

PROJECT  FEATURE 

NAKE 

DISCIPLINE 

NAME 

AREA  EVALUATED  CONDITION 

OUTLET  WORKS  -  SERVICE  BRIDGE  NONE. 

a.  Super  Structure 

Bearings 
Anchor  Bolts 
Bridge  Seat 
Longitudinal  Members 
Underside  of  Deck 
oecondary  Bracing 
Deck 

Drainage  System 
Railings 

Expansion  Joints 
Paint 

b.  Abutment  and  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridge 
Condition  of  Seat  and  Backwall 


4-FOOT  OUTLET  PIPE  FROM  DROP  STRUCTURE. 


#4.  DROP  STRUCTURE 
WITH  HALF  A  FOOT 
OF  WATER  ABOVE 
CREST.  !TTF  RIP 
RAP  IN  rOMLGROT. 


#2. 


UPSTREAM  FACE  OF  DAM  WITH  DROP  STRUCTURE  AND 
FISHING  ACCESS. 


C-l 


APPENDIX  C 


PHOTOGRAPHS 


1.  Overview  of  Both  Knapp  Brook  Site  No.  1  and  Site  No.  2  (Site 
No.  1  on  Right). 

2.  Upstream  Face  of  Dam  With  Drop  Structure  and  Fishing  Access. 

3.  Upstream  Face  of  Dam  Showing  Riprap  at  Water's  Edge. 

4.  Drop  Structure  With  Half  a  Foot  of  Water  Above  Crest.  Note 
Riprap  in  Foreground  at  Toe  of  Embankment. 

5.  Drop  Structure  With  Stop  Logs  in  and  Railing. 

6.  4-Foot  Outlet  Pipe  From  Drop  Structure. 

7.  Outlet  Channel  From  Drop  Structure. 

8.  Downstream  Face  of  Dam;  Wet  Area  in  Foreground. 

9.  Inlet  Channel  to  Emergency  Spillway. 

10.  Concrete  Cut-Off  Wall  in  Emergency  Spillway  With  Riprap  on 
Upstream  and  Downstream  Sides. 

11.  Outlet  Channel  of  Emergency  Spillway  With  Brush,  Trees  and 
Beaver  Dam. 


1 


i 


•  •  •  •  • 


•  • 


•  •  •  •  • 


Knapp  Brook  Pond  Dam,  Site  #1  -  Cavendish 
Edward  F.  Kehoe,  Commissioner,  Dept,  of  Fish  &  Game 
Donald  H.  Spies,  Dam  Construction  Engineer,  Dept,  of  Water  Resources 

September  22,  1972 

The  writer  inspected  the  subject  structure  on  September  21,  1972.  The 
dam  is  an  earth  fill  structure  with  a  concrete  drop  inlet  and  a  4-foot 
reinforced  concrete  pipe  for  the  principal  spillway.  The  drop  inlet  has 
stop  logs  to  control  the  water  level.  The  emergency  spillway  consists  of 
an  earth  channel  with  a  concrete  weir  for  the  control  section. 

The  dam  is  in  very  good  shape  and  has  been  well  maintained.  However, 
the  same  is  not  so  with  the  emergency  spillway.  The  channel  is  auite 
overgrown  with  brush  and  saplings,  all  of  which  should  be  cut  down  and 
removed . 

cc:  Robert  Collins,  Maintenance  Supervisor 
Richard  Sears,  Land  Negotiator 


KNAPP  BROCK  DANS 


Site  No.  1 

a.  Drainage  area  -  3.U1  square  miles 

b.  Spill-tray  design  capacity  -  3,UlO  c.f.s. 

c.  Normal  water  surface  elevation  -  93.00* 

d.  Crest  of  emergency  spillway  -  96.00* 

e.  Maximum  design  water  surface  elevation  -  99.3* 

f.  Top  of  dam-  elevation  -  101. CO* 

g.  The  US"  drop  inlet  spillway  will  handle  a  maximum  of  approximately 
323  c.f.s.  for  a  design  head  a.bout  IS  * 

h.  The  emergency  spillway  must  be  capable  of  passing  3,UlO  c.f.s. 

-  323  c.f.s. 

3,ob3  c.f.s. 

i.  length  of -emergency  spillway  (required)  r=mr 

Q  -  3.33  L  H  3/2 

3083  =  3.33  x  L  x(3M  3/2  (feet) 

21. 8l  -  3085  ^ 

•  L  =  1U2^ 

Q  =  3.33  L  H  3/2 

3085  =  3.33  x  L  x  (3)  3/2 

17.32L  =  3085 

L  r  178* 


APPENDIX  B 


PROJECT  RECORDS  AND  PLANS 


•  i: 


APPENDIX  D 


K1 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


CONTENTS 


Hydrology  Computations  for  HEC-1 


Knapp  Brook  Site  No.  2 
Knapp  Brook  Site  No.  1 


D-l 

D-2 


Hazard  Classification 

Hydraulic  Computations  and  Stage  Discharge  Curves 


D-3 


Knapp  Brook  Site  No.  1 
Knapp  Brook  Site  No.  2 


D-8 

D-17 


Test  Flood 

HEC-1  Computer  Output 


D-23 
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0.03 
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0.06 

0.03 
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10 

60 
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0.03 
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ll 

10 
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0.03 
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20 

0.C6 
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11 

30 
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)6 

0.03 
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It 

90 
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)6 

0.03 

39  1. 

ll 

50 
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6 

0.03 

39  1. 

11 

60 

o.c 

6 

0.03 

392. 

12 

10 

0.1 

3 

0.30 

'352. 

12 

20 

0. 

n 

0.30 

389. 

12 

30 

0. 

13 

0.30 

962. 

12 

90 

0. 

>3 

0.30 

5J5.' 

12 

50 

0. 

3 

0.30 
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12 

60 

0. 

53 

0.30 
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13 

10 

0*< 

•  0 

0.37 

1156. 

13 

20 

0. 
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0.37 
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13 

30 
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0.37 
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13 

90 

0. 
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0.37 
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13 

50 

0. 
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13 

60 
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1* 

10 

0. 

*0 
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19 

20 
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19 

30 
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0. 
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90 

1. 

27 

1.24 

5075. 

15 

50 

27 

1.24 
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15 

60 

27 

1.24 
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16 

10 

0. 

47 

0.44 
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16 

20 

0. 

1 7 

0.44 

7688. 

16 

30 

0. 

47 

0.44 
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16 

90 

0. 

47 

0.44 
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16 

50 

0. 

47 

0.44 

8964. 

16 

60 

0. 

47 

0.44 
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IT 

10 

0. 

37 

0.34 
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17 

20 

0. 

37 

0.34 
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17 

30 

0. 
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17 

90 

0. 
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0.34 
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17 

50 

0. 

37 

0.34 
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17 

60 

0* 

37 

0.34 

6650. 

IS 

10 

0. 

03 

0.00 
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13 

20 

c. 

03 

0.00 

5816. 

18 

30 

o. 

03 

0.00 
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18 

90 

0. 

0  J 

0.00 

4979. 

18 

50 

0. 

03 

0.00 

454  2. 

18 

60 

0. 

03 

0.03 

4093. 

19 

to 

0. 

03 

0.00 

3636. 

19 

20 

0. 

03 

0.00 

3163. 

19 

30 

0. 

03 

0.00 

2  743. 

19 

90 

0. 

05 

0.00 

2327. 

19 

50 

0. 

01 

0.00 

1951. 

19 

60 

0. 

03 

0.00 

1623. 

20 

10 

0. 

03 

0.00 

I  358. 

20 

20 

0. 

03 

0.  00 

1132. 

20 

30 

0. 

03 

0.00 
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90 

0. 
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0. 00 
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0. 
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0.00 
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20 
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0. 
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0. 
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0. 
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0. 
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0  A'JG  74 
NO.  01 

KNAPP  PONO  NO.  I  ANO  2 
CAVENDISH.  VERNON 7 
TEST  FIOOO  ROUTING  - 


NHR  NNIN 
0  10 


JOB  SPECIFICATION 
IOAY  I  HR  ININ  METRC  IPLT 

1  0  0  0  2 

JOPER  NWT 

0  0 


IPRT  NSTAN 
0  0 


SUB-AREA  RUNOFF  CONFUTATION 


WATERSHED  RUN  OFF  INTO  KNAPP  PONO 


I  ST  AO 

1 

ICQ  HP 

0 

IEC3N 

0 

ITAPE 

0 

JPLT 

0 

JPRT 

0 

INANE 

l 

IHVOG 

1 

I  JHI 
1 

TAREA 

2.89 

SNAP 

0.0 

HYOROGRAPH  OATA 
TRSOA  TRSPC 

0.0  1.00 

RATIO 

0.500 

I  SNOW 
0 

I  SANE 
0 

SPFE 

0.0 

PNS 
IB. 00 

R6 

m. oo 

PRECl 
R  1  2 
123.30 

P  OATA 
R24 
133.00 

R48 

0.0 

R  72 
0.0 

R96 

0.0 

$trkr 

0.0 

0LTK1 

0.0 

RTIOL 

1.00 

ERA  IN 
0.0 

LOSS 

STRKS 

0.0 

OATA 

RTIOK 

1.00 

STRTL 

0.  30 

CNSTL 

0.18 

ALSMX 

0.0 

.  -  -  UNIT  HTOROGRAPH  DATA 

TP*  I. SO  CPC0.7S  NTA*  0 

---  -  RECESSION  OATA  - 

STRTO*  6.00  ORCSN*  -0.10  RTIOR*  1.50 
(INATE  CLARK  COEFFICIENTS  FRON  GIVEN  SNVOER  CP  ANO  TP  ARE  TC#iO.T5  ANO  R»  5.58  INTERVALS 


UNIT  HV0R0URAP1  36  ENO-OF -PER  1 00  OROINATES.  LAG * 

.  135.  268.  414.  567.  716. 

748.  625.  522.  436.  365. 

.  124.  104.  87.  72.  61. 

.  21.  17.  14.  12.  10. 
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838. 
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0.00 

.  -  j  _ 

1 

10 
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0.00 
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ACCESS 


SOURCE  OF  MAP 

V  E  RMON  !  HSH  .5  GAME 
MONTPfULR  VERMONT 
SCALE:  I'  “00'  APPROX 


OUERESNE-HENRY  ENGINEERING  CORP.  U.S.  ARMY  ENGINEER  DIV.  NEW  ENGLAND 


»  r  .  H  I  1  l  !  -t  N  li  I  HE  l .  » 


COUPS  Of  ENoINf  EPS 
*Al  IMAM,  MASS, 


NATIONAL  PROGRAM  OF  INSPECTION  OF  NON -FED.  DAMS 

DEPTH  CONTOUR  MAP 
KNAPP  BROOK  SITE  NO.  1 


ICLI ENT  NO 


iiixiniia 


SCALE  I 


I.....  JiSHI 

H4U«!TTliRWT:r| 


1  22 

10 

0.01 

0.00 

607. 

I  22 

20 

0.03 

0.  00 

5J3. 

i  22 

30 

0.03 

3.00 

560. 

I  22 

40 

0.03 

0.00 

537. 

1  22 

SO 

0.01 

0.00 

516. 

1  22 

60 

0.03 

0.00 

496. 

* 

- I  23 

10 

0.03 

0.00 

476. 

1  23 

20 

0.03 

0.00 

457. 

1  23 

30 

0.03 

0.00 

439. 

I ~l~i 

4U 

u.ui 

0.  GO 

421 

»  23 

50 

0.03 

0.00 

405. 

_ 

1  23 

60 

0.01 

0.00 

369. 

SUM 

24.00 

20.04 

231660. 

PE  A< 

6 

-HOUR 

24-HOUR 

72-HGUR 

TOTAL  VOLUME 

CFS 

9004. 

5375. 

1610. 

1610. 

231865. 

INCHES 

17.30 

20.73 

20.73 

20.73 

- AC -FI 

2667. 

3195. 

3195. 

3195. 

1. 

3. 

3. 

RUNCF 

1. 

3. 

3. 

4. 

4. 

4. 

4. 

4. 

1. 

3. 

3. 

3. 

3. 

24. 

15. 

48. 

62. 

138. 

144. 

148. 

152. 

166. 

167. 

168. 

168. 

171. 

171. 

176. 

194. 

845. 

787. 

1124. 

1250. 

1979. 

2118. 

2303. 

2537. 

4482. 

4502. 

4421. 

4263. 

2701. 

2489. 

2271. 

2046. 

619. 

566. 

472. 

437. 

329. 

116. 

303. 

291  . 

219. 

211. 

202  , 

194. 

MULTIPLIED 

3. 

ar  o.so 

3. 

3. 

3. 

4. 

4. 

4. 

4. 

3. 

3. 

3. 

3. 

3. 

3. 

4. 

6. 

76. 

90. 

103. 

114. 

155. 

t  58. 

160. 

162. 

169. 

169. 

170. 

1  70. 

231. 

287. 

365. 

463. 

1365. 

1473. 

1578. 

1677. 

2822. 

3154. 

3508. 

3844. 

4050. 

3805. 

3555. 

3325. 

1818. 

1592. 

1372. 

1164. 

420. 

403. 

38  7. 

372. 

280. 

269. 

258. 

246. 

CFS 
INCHES 
c-ft 


PEAK 

6-H3U3 

24- HOUR 

72-HOUR 

total  VOLUME 

4502. 

2687. 

805. 

805. 

115912. 

8.65 

10.37 

10.37 

10.37 

1333. 

1598. 

1598. 

1598. 

if 


•  OVN» 


HYDROGRAPH  ROOTING 


STORAGE  A 
OUTFLOW* 


RESERVOIR  ROUTING 

— 

RNAPP  PCND  DAN  NO.  2  — 

GATES 

I  ST  AO 

ICO.HP 

I  EC  ON 

(TAPE  JPLT 

UPRI 

INAHE 

1 

1 

0 

0  0 

0 

1 

'  -  . . . .  *  - 

ROUTING  OAT  A 

QLOSS 

CLOSS 

AVG  IRES 

ISAME 

0.0 

0.0 

0.0  1 

0 

NSIPS 

nstol 

LAG 

AMSKK  X 

ISA 

STORA 

1 

0 

0 

0.0  0.0 

0.0 

-1. 

368.  337.  AOS. 

420* 

444.  460. 

483. 

52  A.  566. 

0.  7A.  217. 

A20. 

666.  1024. 

L509. 

2727.  AA7A. 

TINE 

top  STOR 

AVG  IN  EUP 

out 

1 

0 

10 

369. 

3. 

3. 

0 

20 

369. 

3. 

3. 

1 

0 

30 

369. 

3. 

3. 

1 

0 

40 

369. 

3. 

3. 

1 

0 

50 

369. 

3. 

3. 

1 

0 

60 

369. 

3. 

3. 

1 

1 

10 

369. 

3. 

3. 

1 

20 

369. 

3. 

3. 

1 

1 

30 

369. 

3. 

3. 

l 

40 

369. 

3. 

3. 

1 

50 

369. 

3. 

3. 

1 

1 

60 

369. 

3. 

3. 

1 

2 

10 

369. 

4. 

3. 

'  *  * -  -  -  -  . . I 

2 

20 

369. 

A. 

3. 

*  "  “  . . . . 

1 

2 

30 

369. 

4. 

3. 

1 

2 

40 

369. 

4. 

3. 

.  1 

2 

50 

369. 

A. 

3. 

1 

2 

60 

369. 

A. 

3. 

3 

10 

369. 

4. 

3. 

. . . . .  '1 

3 

20 

369. 

A. 

3. 

.  .  ..  -  - - - -  — 

1 

3 

30 

369. 

A. 

3. 

3 

AO 

369. 

A. 

3. 

•  -  - -  *-  t 

3 

50 

369  « 

4. 

3. 

3 

60 

369. 

A. 

3. 

1 

4 

10 

369. 

3. 

3. 

- - -  j 

4 

20 

369. 

3. 

3. 

.  . 

1 

4 

30 

369. 

3. 

3. 

4 

AO 

369. 

3. 

3. 

-  -  -  ...  . .  | 

A 

50 

369. 

3. 

3. 

-  -  .  -  - 

l 

A 

60 

369. 

3. 

3. 

1 

5 

10 

369. 

3. 

3. 

5 

20 

369. 

3. 

3. ' 

1 

5 

30 

369. 

3. 

3. 

1 

5 

40 

369. 

3. 

3. 

5 

50 

369. 

3. 

3. 

'' 

’  .  ’ 

1 

5 

60 

369. 

3. 

3. 

1 

6 

10 

369. 

3. 

3. 

t 

6 

20 

369. 

5. 

3. 

1 

6 

30 

369. 

8. 

4. 

I 

6 

AO 

369. 

13. 

A. 

6 

50 . 

36v. 

iur  " 

1 

6 

60 

370. 

30. 

6. 

1 

7 

10 

370. 

42. 

8. 

l 

7 

20 

371. 

ss. 

11. 

-  ■ 

- - _ - 

1 

7 

30 

371. 

69. 

IA. 

1 

7 

40 

372. 

83. 

17. 

...  | 

7 

so 

373. 

97. 

21. 

1 

7 

60 

375. 

109. 

26. 

1 

e 

10 

376. 

119. 

31. 

1 

B 

20 

377. 

128. 

36. 

-  *  - - - 

1 

8 

30 

379. 

135. 

Al. 

1 

B 

40 

380. 

1 A  1  ■ 

46. 

8 

50 

381. 

146. 

51. 

*  ‘  * 

8 

60 

383. 

150. 

57. 

1 

9 

10 

384. 

154. 

62. 

9 

20 

385. 

157. 

67. 

-  --  . 

1 

9 

30 

386. 

159. 

72. 

1 

9 

40 

388. 

161. 

78. 

9 

so 

339. 

163. 

87. 

1 

9 

60 

390. 

16A. 

95. 

l 

10 

10 

391. 

1  66. 

102. 

1 

10 

20 

391. 

167. 

109. 

10 

30 

392. 

167. 

115. 

1 

10 

40 

393. 

16B. 

121. 

D-26 


•  • 


•  •  • 


•  • 


1  10 

SO 

3«?3. 

169. 

A  i.  6  . 

1  10 

60 

344. 

169. 

i  30. 

1  It 

10 

395. 

170. 

134. 

- - - —  -  J  11 

20 

395. 

1  70. 

138. 

1  11 

30 

395. 

1  70. 

141. 

1  11 

40 

396. 

170. 

144. 

•  —  1  11 

50 

396. 

171. 

147. 

1  11 

to 

397. 

171. 

149. 

1  12 

10 

397. 

173. 

152. 

112 

20 

39  7. 

185. 

155. 

1  12 

30 

398. 

213. 

161. 

1  12 

40 

399. 

259. 

171. 

-  '  ~  112 

SO 

401. 

326. 

188. 

1  12 

60 

404. 

414. 

211. 

1  13 

10 

408. 

520. 

260. 

.  '  -  113 

20 

413.* 

643. 

325. 

1  13 

30 

419. 

776. 

402. 

1  13 

40 

425. 

916. 

474. 

...  —  113 

50 

433. 

1055. 

551. 

1  13 

60 

441. 

1187. 

6  34. 

1  14 

10 

449. 

1307. 

782. 

'  -  - -  114 

20 

457. 

1419. 

952. 

1  14 

30 

464. 

1525. 

ll^l. 

1  14 

40 

470. 

1628. 

1235. 

1  14 

SO 

476. 

t  729. 

1360. 

1  14 

60 

482. 

1826. 

1478. 

1  15 

10 

487. 

1926. 

1620. 

115 

20 

492. 

2049. 

1766. 

1  15 

30 

497. 

2210. 

1917. 

1  15 

40 

502. 

2420. 

2088. 

1  15 

SO 

S09  • 

2680. 

2289. 

1  15 

60 

517. 

2980. 

2526. 

1  16 

10 

52e>. 

33  31  . 

2622. 

--  - -  - - 1  16 

20 

535. 

3676. 

3203. 

1  16 

30 

544. 

39  89. 

3553. 

1  16 

40 

551. 

4243. 

3860. 

-  -  -  -■  1  16 

50 

557. 

4410. 

4108. 

1  16 

60 

561. 

4492. 

4279. 

1  17 

10 

563. 

4461. 

4360. 

-  ,17 

20 

563. 

4342. 

4352. 

1  17 

30 

561. 

4156. 

4265. 

1  17 

40 

557. 

3928. 

4115. 

-  -  ~  *  ■  i  i  f 

DU 

553. 

3680  • 

1  17 

60 

548. 

3440. 

3707. 

1  18 

10 

542. 

3219. 

3490. 

I  18 

20 

537. 

3010. 

32  76. 

1  18 

30 

532. 

2805. 

3066. 

1  18 

40 

527. 

2595. 

2856. 

-  ,  lg 

50 

522. 

2380. 

2664. 

1  18 

60 

516. 

2159. 

2492. 

1  19 

10 

510. 

19  32. 

2302. 

- - j  19 

20 

503. 

1705. 

2099. 

1  19 

30 

496. 

1482. 

1889. 

1  19 

40 

489. 

1268. 

1678. 

-  1  19 

50 

482. 

10  70. 

1481. 

1  19 

60 

475. 

895. 

1332. 

l  20 

10 

468. 

747. 

1184. 

'  - V20 

20 

461. 

622. 

1041. 

l  20 

30 

455. 

519. 

903. 

1  20 

40 

449. 

454. 

783. 

1  20 

50 

445. 

428. 

688. 

1  20 

60 

442. 

411. 

641. 

1  21 

10 

438. 

395. 

608. 

121 

20 

435. 

379. 

578. 

1  21 

30 

433. 

364. 

550. 

1  21 

40 

430. 

350. 

523. 

1  21 

50 

428. 

336. 

499. 

1  21 

60 

425. 

323. 

475. 

l  22 

to 

423. 

310. 

454. 

1  22 

20 

421. 

29  7. 

433. 

1  22 

30 

419. 

286. 

412. 

1  22 

40 

418. 

274. 

388. 

1  22 

50 

416. 

263. 

367. 

1  22 

60 

415. 

’  253. 

348. 

1  23 

io 

413. 

243. 

330. 

1  23 

20 

412. 

233. 

313. 

l  23 

30 

411. 

224. 

298. 

1  23 

40 

410. 

215. 

284. 

1  23 

50 

409. 

207. 

271. 

1  23 

60 

408. 

198. 

258. 

. ~ .  SON 

113110. 

CFS 

INCHES 

AC-F7 


PEAK 
4360  • 


6-HOUR 

2633. 

8.47 

1306. 


24-HOUR 

785. 

10.11 

1559. 


7  2-HOUR 
785. 
10.11 
1559. 


TOTAL  90LUNE 
113110. 
10.11 
1559. 
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SU8-AREA  RUNOFF  COMPUTATION 


l  ' 


SUB-AREA  NO.  2  TO  KNAPP  1 

ISTAQ  ICOMP  1ECON  1 1  APE  JPLT  JPRT  INANE 

2  0  0  0  0  0  1 


IHYOG 

I  JHi 

TAREA 

SNAP 

HYDROGRAPH  DATA 
TRSOA  TRSPC 

RATIO 

I  SNOW 

1  SAME 

LOCAL 

1 

l 

0.30 

0.0 

0.0 

1.00 

0.500 

0 

0 

0 

SPFE 

0.0 

PMS 

18.00 

R6 

111.00 

PRECIP 
Rt  2 
123.00 

DATA 

R24 

1 33.00 

P  48 
0.0 

R  72 
0.0 

R96 

0.0 

STRKR 

OLKA 

FTIOL 

ERA  IN 

LOSS 

STRKS 

DATA 

RT  10K, 

STRTL 

CNSTL 

ALSMX 

RUMP 

0.0 

0.0 

1.00 

0.0 

0.0 

1.00 

0.30 

0.18 

0.0 

0.15 

UNIT  HYDROGRAPH  DATA 
TP*  0.24  CP*0.7S  NTA*  0 

RECESSION  DATA 

STATQ*  1.00  GRCSN*  -0.10  RTICRI  1.50 
APPROXIMATE  CLARK  COEFFICIENTS  FROM  GIVEN  SNYDER  CP  AND  IP  ARE  TC»  1.98  AND  R*  0.65  INltRVALS 

UNIT  HYOROGRAP  H  5  E ND-OF-P E R I QO  ORDINATES,  LAG#  0.24  HOURS,  CP»  0.75  VUL#  1 . 00 
255.  507.  320.  43.  6. 


ENO-Qf -PERIOD  FLO* 


•  ~  •  - - -  '  - 

TINE 

RAIN 

EXCS 

COMP  o  - 

0 

to 

0.02 

0.00 

2. 

0 

20 

0.02 

0.00 

3. 

-  ~  1 

0 

30 

0.0'2 

0.00 

4. 

1 

0 

40 

0.02 

0.00 

4. 

1 

0 

50 

0.02 

0.00 

4. 

......  .  - - - J 

0 

60 

0.02 

0.00 

4.  *  '  —  * . *  - - - - 

1 

i 

10 

0.02 

0.00 

4. 

1 

i 

20 

0.02 

0.00 

4. 

. .  '  *  . .  . . . . .  \ 

t 

30 

0.02 

0.00 

4.  . -  -  -  - 

1 

i 

40 

0.02 

0.00 

4. 

1 

•  I 

50 

0.02 

0.0  0 

4., 

60 

0.  02 

0.  00 

4  . 

1 

2 

10 

0.02 

0.00 

4. 

2 

20 

0.02 

0.00 

4. 

‘  . . .  J 

2 

30 

0.02 

0.00 

4.  •*7  - 

1 

2 

60 

0.02 

0.00 

4.  *. 

2 

50 

0.02 

0.00 

4. 

-  ...  ...  -  j 

2 

60 

0.02 

0.00 

4.  " '  ,  ‘  — — 

3 

10 

0.02 

0.00 

4. 

1 

3 

20 

0.02 

0.00 

4. 

-  .  - -•  '  - -  1 

3 

30 

0.02 

0.00 

4.  *  - 

1 

3 

40 

0.02 

0.00 

4. 

l 

3 

50 

0.02 

0.00 

4. 

. .  ‘  - -  *  t 

'■  3 

60 

0.02 

0.00 

4.  •  -  -  - . -  -  * 

1 

4 

10 

0.02 

0.00  . 

4. 

♦ 

20 

0.02 

0.00 

4. 

I 

4 

30 

u.  02 

0.00 

«♦*  rr'~r  "" 

1 

4 

40 

0.02 

0.00 

4. 

1 

4 

50 

0.02 

0.00 

4. 

-  . 

'  4 

60 

0.02 

0.00 

4#  -  - 

1 

5 

10 

0.02 

0.00 

4. 

[ 

5 

20 

0.02 

4. 

5 

30 

0.02 

0.00 

4. 

l 

5 

40 

0.02 

0.  00 

4. 

1 

5 

so 

0.02 

0.00 

4. 

‘  1 

5 

-60 

0.02 

0.00 

4.  -  -  - - - 

1 

6 

1  0 

0.  06 

0.03 

12. 

6 

20 

0.06 

0.03 

29. 

6 

30 

0.06 

0.  03 

39. 

1 

6 

40 

0.06 

0. 03 

40. 

l 

6 

50 

0.06 

0.03 

40. 

1 

6 

60 

0.06 

0.03 

40.  -  .  - 

7 

10 

0.06 

O.OJ 

40. 

1 

7 

20 

0.06 

0.03 

40. 

7 

30 

0.06 

0.03 

40. 

1 

7 

40 

0.  06 

0.03 

40. 

1 

7 

50 

0.  06 

0. 03 

40. 

l 

T 

60 

0.06 

0.03 

40. 

1 

8 

1  0 

0.06 

0.03 

40, 

1 

8 

20 

0.06 

0.03 

40. 

8 

30 

0.06 

0.03 

40. 

1 

B 

40 

0.06 

0.03 

40. 

e 

50 

0.06 

0.03 

40. 

“  '  '  I 

8 

60 

0.06 

0.03 

40. 

1 

9 

10 

0.06 

0.  03 

40. 

9 

20 

0.06 

0.03 

40. 

9 

30 

•0.06 

0.03 

*0. 

1 

9 

40 

0.06 

40. 

1 

9 

50 

0.06 

0.03 

40. 

9 

60 

10 

10 

10 

20 

to 

30 

10 

40 

10 

*0 

to 

60 

11 

10 

11 

20 

11 

30 

11 

40 

11 

SO 

11 

60 

12 

to 

12 

20 

12 

30 

12 

40 

12 

SO 

12 

60 

13 

10 

13 

20 

L  13 

40 

1  13 

50 

1  13 

60 

1  14 

10 

1  14 

20 

1  14 

30 

l  14 

4  C 

1  14 

50 

1  14 

60 

1  15 

10 

1  15 

20 

. 

—  i 

ts 

30 

1  .AN 

MUl. 

i 

15 

40 

1.27 

1.24 

1434. 

i 

15 

50 

1.27 

1.24 

1438. 

IS 

60 

1.27 

1.24 

1438. 

i 

16 

1  0 

0,47 

0.44 

1235. 

i 

16 

20 

0.47 

0.44 

806. 

i 

16 

30 

0.4  7 

0.44 

550. 

i 

16 

40 

0.47 

0.44 

516. 

i 

16 

50 

0.47 

0.44 

511. 

"1 

16 

60 

0.47 

0.44 

511. 

IT 

10 

0.37 

0.34 

486. 

i 

17 

20 

0.37 

0.34 

432. 

17 

30 

0.3  7 

0.34 

400. 

i 

17 

40 

0.3  7 

0.34 

396. 

i 

17 

50 

0.37 

0.  34 

395. 

‘ 

1 

17 

60 

0.37 

0.34 

395. 

i 

18 

10 

0.03 

0.00 

310. 

i 

18 

20 

0.03 

0.00 

143. 

18 

30 

0.03 

0.00 

138. 

i 

18 

40 

0.03 

0.00 

132. 

i 

18 

50 

0.03 

0.00 

127. 

1 

18 

60 

0.03 

0,00 

122. 

i 

19 

10 

0.03 

0.00 

117. 

i 

19 

20 

0.03 

0.00 

112. 

i 

19 

30 

0.03 

0.00 

108. 

i 

19 

40 

0.03 

o.oo 

104. 

i 

19 

50 

0.03 

0.00 

100. 

.  j 

19 

60 

0.03 

0.00 

96. 

i 

20 

10 

0.03 

0.00 

92. 

i 

20 

20 

0.03 

0.00 

88. 

20 

30 

0.03 

0.00 

85. 

i 

20 

40 

0.03 

0.00 

81. 

i 

20 

50 

0.03 

0.00 

78. 

20 

60 

0.03 

0.00 

75. 

i 

21 

10 

0.03 

0.  00 

72. 

i 

21 

20 

0.03 

0.00 

69. 

i 

21 

30 

0.03 

0.00 

66. 

i 

21 

40 

0.03 

0.00 

64. 

i 

21 

50 

0.03 

0.  00 

61. 

i 

21 

60 

0.03 

0.  00 

59. 

i 

22 

10 

0.03 

0.00 

56. 

i 

22 

20 

0.03 

0.00 

54. 

i 

22 

30 

0.03 

0.  00 

52. 

i 

22 

40 

0.03 

0.  00 

50. 

i 

22 

50 

0.03 

0.00 

48. 

i 

22 

60 

0.03 

0.00 

46. 

i 

23 

10 

0.03 

0.00 

44. 

i 

23 

20 

0.03 

0.00 

42. 

i 

23 

30 

0.03 

0.00 

41. 

i 

23 

40 

0.03 

0.00 

39. 

i 

23 

50 

0.03 

0.00 

38. 

23 

60 

0.03 

0.00 

36. 

SUN 

24.00 

20.  10 

26291. 

PEAK 

6— HOUR 

24-HOUR 

7  2-HOUf 

Cf  5 

1436  • 

609. 

183. 

183, 

INCHES 

18.87 

22.65 

22.6! 

AC-Ff 

302. 

362. 

362, 

TOTAL  VOLUME 
26296. 
22.65 

1A.  J 
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COMBINE  HYDROGSAPHS 


— 

COMEBINING  Flaw  KNAPP 

1  AND  2 

' 

r 

1SIA0 

1C0MP 

I  ECO  1  1 T  APE 

JPLT 

JPR1 

INANE 

pi 

20 

2 

0  0 

0 

0 

1 
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